Objective The cellular apoptosis susceptibility (CAS) protein plays a regulatory role in the induction of cell death in tumor cells. The objective of this study was to investigate the association of the expression of CAS protein with HBV infection in the development of HCC. Methods The expression level of CAS was measured with immunohistochemistry. The occurrence of HBsAg, HBeAg and HBV DNA in HCC were concurrently examined with immunohistochemistry and in situ hybridization, respectively. Results The results showed that the CAS protein was detected in 86% (43/50), 70% (7/10), 15% (3/20) and none (0/20) of livers from patients with HCC, cholangiocarcinoma, cirrhosis and hepatitis, respectively. Furthermore, the level of CAS protein was higher in poorly differentiated tumors than moderately or well differentiated HCC. Interestingly, the CAS was stained significantly stronger in HBV-infected HCC than in non-HBV infected tissues (P < 0.01). Conclusions The expression of CAS is facilitated by HBV infection in HCC, suggesting that CAS might be a prognostic marker and a putative therapeutic target for HCC.
H epatocellular carcinoma (HCC), a malignant tumor of hepatocytes with high morbidity worldwide, is due to synergistic effects of genetic and environmental factors, such as virus infection, chemical uptake, nutritional changes and alcohol use. In Chinese population, hepatitis B virus (HBV) infection is a major risk factor for the development of HCC. [1] [2] [3] However, a clear link for HBV infection causing HCC development is still missing.
Recently, it is noticed by our research that the cellular apoptosis susceptibility (CAS) protein is highly expressed in primary hepatic carcinoma (PHC) cells and the expression of this protein is associated with malignant degree of tumor cells, suggesting that CAS protein is involved in the development of liver tumors and could be used for the prognosis of liver tumors. 4 302 Military Hospital of China, 100 Xisihuan Middle Road, Beijing 100039, China Hong Zang and Dong Ji contributed equally to this work Correspondence: Jing-min Zhao, E-mail: jmzhao302@163.com; Guofeng Chen, E-mail: bjchen302@gmail.com CAS protein is a human homologue of the essential chromosome segregation gene CSE1 in yeast and is located on human chromosome 20q13. This protein has 971 amino acids with a molecular weight of 100 kD and is expressed in the cytoplasm. 5, 6 There are increasing evidences showing that CAS protein plays an advancing role in tumorigenesis and tumor development. Indeed, CAS protein is involved in the mitotic spindle checkpoint, which assures genomic stability during cell division. 7 This checkpoint is frequently disturbed in neoplasias of various origin, including breast cancers, endometrial carcinomas, ovarian carcinomas, colon cancers and hepatocellular carcinomas. 8 Additionally, CAS protein is associated with microtubules and mitotic spindles, cellular organelles for cell cycle mitosis division. Basically, CAS protein is speculated to play a role in cell proliferation and is regarded as a proliferationassociated protein. 9 Recently, CAS protein has been reported to be involved in the induction of apoptosis and cell proliferation by tumor necrosis factor α (TNFα) in HCC cell lines and tissues. 10 The objective of this study is to identify if CAS protein is associated with HBV infection-induced HCC. By measuring the expression level of CAS in liver tumors, the surrounding tissues, non-tumor cirrhosis and viral hepatitis, it is proposed that CAS protein could be induced by HBV infection that links HCC development. 11 HCC was divided into three groups: 17 cases were well differentiated, 17 were moderately differentiated and 16 were poorly differentiated. None of those patients with HCC received chemotherapeutic treatment before the study. Liver tissues biopsied from 20 patients with cirrhosis and 20 with chronic hepatitis B were taken as control. These patients had no clinical signs of liver cancer. The clinical data of the patients were summarized in Table 1 .
MATERIALS AND METHODS

Tissue samples
Materials
Hematoxylin and eosin (HE) staining was used to determine the differentiation of tumors. CAS protein was detected by immunohistochemistry with the anti-CAS polyclonal antibody (Cat No. sc-135855), purchased from Santa Cruz Biotechnology, Inc (Santa Cruz, CA). HBsAg and HBcAg were determined by ELISA kits, which were purchased from Beijing Zhongshan Jinqiao Biotech Co. (Beijing, China).
Immunohistochemistry
Four-micron paraffin sections were prepared from paraffin blocks and adhered to silanized slides. They were deparaffinized and hydrated by passage through xylene and a graded series of ethanol. Sections were carefully washed three times in 0.01 M phosphatebuffered saline solution (PBS, pH 7.4) for 5 min and were then immersed in citrate buffer (pH 6.0). They were washed with PBS after cooling. Specimens were incubated with 3% H 2 O 2 -methanol for 20 min and blocked with normal bovine serum for 20 min at room temperature (RT). Sections were incubated overnight at 4℃ with primary antibodies as noted. The temperature was recovered to room temperature and specimens were washed with PBS. The sections were incubated at 37℃ for 30 min with the biotinylated second antibody. After extensively washing, the sections were developed in 0.01% 3,3'-diaminobenzidine-hydrogen peroxide (DAB) and counterstained with Mayer's hematoxylin. PBS was used to replace primary antibodies as negative controls.
In situ hybridization (ISH)
HBV DNA was detected with in situ hybridization (ISH). The digoxin-labeled ISH kit was purchased from Taipu Bio-tech Co. Ltd (Fuzhou, Fujian, China). The staining was performed according to the manufacture's instructions. Sections were microscopically examined under a magnification of 200 ×. Light yellow or brownish-yellow stains were considered positive. The immunostaining of CAS protein was analyzed and scored 0 for < 5%, 1 for 5%-25%, 2 for 26%-50%, 3 for 51%-75% and 4 for > 75% positive in liver sections. The staining intensity was scored as: 1 for light brown, 2 for brownishyellow and 3 for deep brown. The score ≥1 was considered as positive, while < 1 as negative.
Statistical analysis
All data were processed with Student's t test, ANOVA or Chi-square test as noted. Differences at values of P ≤ 0.05 were considered statistically significant. All statistical analyses were carried out with Statistical Program for Social Sciences version 13.0 for Windows purchased from SPSS Inc. (Chicago, IL).
RESULTS
The association between expression of CAS protein and HCC CAS protein was predominantly expressed in the cytoplasm of HCC cells, appearing as a diffuse and homogeneous pattern. CAS protein was detected in 50 (83.33%) of 60 livers of patients with PHC and was found in 43 (86%) of 50 livers from patients with HCC. CAS protein was detected in 7 of 10 livers from patients with cholangiocarcinoma. The difference was not significant between groups of HCC and cholangiocarcinoma (P > 0.05). CAS protein was positive in 27 HCC-surrounding tissues of 50 HCC patients. The immunostaining for CAS protein was also observed in few spots in 3 non-tumor tissues of 20 cirrhosis patients (15%). No CAS expression was found in liver tissues of chronic hepatitis (Figure 1 ).
The correlation between CAS expression and differentiation degree of HCC As shown in Table 2 , the CAS expression was remarkably higher in poorly differentiated HCC than that in well differentiated group (P < 0.01), although there was no significant difference between well differentiated and moderately differentiated groups (P > 0.05). The staining for CAS was stronger in poorly differentiated tumors than moderately or well differentiated tumors (P < 0.01) (Figure 2 ).
CAS expression was closely associated with HBV infection
In Chinese population, HBV infection majorly contributes to the development of HCC. Thus, the association of CAS expression with HBV infection in livers of HCC patients was investigated. As shown in Table 3 , CAS staining was found in 33 (91.6%) of 36 HBsAg-positive HCC liver tissues, while only 7 (50%) of 14 HBsAg-negative HCC. Furthermore, the staining intensity of CAS in HBV DNA positive HCC tissues was significantly higher than that in HBV DNA negative tissues (P < 0.05). Thus, CAS expression is associated with HBV infection in patients with HCC (Table 3) .
DISCUSSION
HCC is one of the most common and lethal malignancies worldwide. HCC typically develops in patients with chronic liver diseases including hepatitis and cirrhosis. In Chinese and Asian population, HCC is usually accompanied with a viral infection like HBV and HCV. However, how viral infection induces tumor development in liver is not precisely defined.
In this study, it is found that CAS protein was predominantly expressed in cytoplasm of tumor cells. These results indicated that the expression of CAS protein was significantly higher in HCC than in paracarcinomas tissues (P < 0.01), and higher in tumor-surrounding tissue than in non-tumor tissues like cirrhosis and hepatitis tissues (P < 0.01). Overall, it is observed that CAS immunostaining in tumor tissues was stronger than that in non-tumor tissues, suggesting that CAS might play an important role in the process from hepatitis to HCC. CAS can stimulate cellular proliferation, suggesting that CAS is more closely associated with cell proliferation than apoptosis. 4 Meanwhile, CAS immunostained stronger in poorly differentiated HCC than in moderately or well differentiated HCC (P < 0.01). Thus, CAS was strongly expressed in HCC tissues and the expression intensity could be associated with malignant degree of tumor cells. It is suggested that CAS protein might serve as a marker for HCC diagnosis and differentiation estimation. Some groups suggested that CAS was a secretory protein associated with cancer metastasis, as it could promote the rate of tumor cell invasion and metastasis but not tumor cell proliferation. [12] [13] This conclusion needs to be further clarified. In this study, it is found that CAS was positive in 53.3% (32/60) of paracarcinomas tissues of atypical hyperplasia and liver cirrhosis. Of 20 patients with hepatitis B complicated with liver cirrhosis but without liver cancer, 3 were mildly positive for CAS. However, there was no positive for CAS expression in 20 patients with chronic hepatitis B. These observations suggested that CAS expression might occur in the early stage of conversion to malignancy and could promote the conversion and growth of tumor cells. At the same time, liver cells in liver cirrhosis could potentially convert to malignant cells. Therefore, patients with cirrhosis having positive CAS expression in liver should be followed up closely. Chronic HBV infection is a primary causing factor for HCC development. Increasing evidence supports that HBV plays an important role in occurrence and development of HCC. Molecular and cellular mechanisms for HBV infection causing HCC development need to be elucidated. The integration of HBV into host genes, PCP variation, HBV DNA replication and liver cirrhosis are main risk factors for HCC occurrence and the synergistic effect of these factors might significantly increase the risk for HCC occurrence. [14] [15] [16] Our previous study screened genes associated with differentiation in hepatocytes transfected with RNase H gene to determine effectors of RNase H overexpression in liver cells. 17 RNase H up-regulates CAS expression. Based on the results, it is further found in this study that RNase H up-regulates the expression of CAS protein at the transcription level. 18 Consequently, CAS protein could be involved in the development of HCC induced by HBV infection and affects the outcome of HCC treatment. In this study, we found that CAS protein expression was significantly higher in HBVinfected HCC tissues than that of non-HBV infection (P < 0.01). Meanwhile, in HBV-infected HCC tissues, the staining intensity for CAS protein in HBV DNA positive HCC tissues was significantly higher than that in HBV DNA negative tissues (P < 0.05). CAS could play an important role in the initiation stages of tumor development induced by HBV infection, but this needs to be precisely defined.
In conclusion, CAS was over-expressed in HCC tissues, and its expression is positively correlated to HBV infection. CAS might play an important role in the development of HCC. Clinical investigations need to be done to define if CAS can serve a prognostic marker and a putative therapeutic target for HCC.
